Little is known about the factors that regulate C mineralisation at the soil pore scale or how these factors vary throughout the pore network. This study sought to understand how the decomposition of organic carbon varies within the soil pore network and to determine the relative importance of local environmental properties relative to biological properties as controlling factors. This was achieved by sterilising samples of soil and reinoculating them with axenic bacterial suspensions using the matric potential to target different locations in the pore network. Carbon mineralisation curves were described with two-compartment first-order models to distinguish CO 2 derived from the labile organic carbon released during sterilisation from CO 2 derived from organic C unaffected by sterilisation. The data indicated that the size of the labile pool of organic C, possibly of microbial origin, varied as a function of location in the pore network but that the organic carbon unaffected by sterilisation did not. The mineralisation rate of the labile C varied with the bacterial type inoculated, but the mineralisation rate of the organic C unaffected by sterilisation was insensitive to bacterial type. Taken together, the results suggest that microbial metabolism is a less significant regulator of soil organic carbon decomposition than are microbial habitat properties.
Introduction
Soil respiration is very heterogeneous at scales from the landscape to the aggregate/pore scale (Robertson et al., 1997; Stoyan et al., 2000; Herbst et al., 2009) . A full understanding of C dynamics in soil, upon which predictive models can be constructed, can only be attained by identifying the factors that are responsible for this variability; that is, by identifying the factors that regulate C dynamics. Although respiration varies spatially across scales, geostatistical studies have shown that much of the spatial variability is due to processes that occur at fine scales (Rochette et al., 1991; Robertson et al., 1997; Vieubl e-Gonod et al., 2006) and particularly at scales below 1 cm (Stoyan et al., 2000) .
To date, the high spatial heterogeneity of soil respiration at fine scales has variously been attributed to both biotic and abiotic factors. The abiotic factors thought to affect soil respiration at fine scales are nutrient or substrate availability (Han et al., 2007) , which are regulated by the structure and texture of the local environment, and the local physicochemical conditions (e.g. pH, O 2 levels…; Leffelaar, 1993; Or et al., 2007; Young et al., 2008; Rajaniemi & Allison, 2009 ). The physical structure of solid and pore space in soil results in a complex distribution of oxygen, water films, organic C and gradients of solutes spanning distances as small as a few micrometers (Sexstone et al., 1985; Chenu & Roberson, 1996; Carminati et al., 2008; Lehmann et al., 2008) . Such variations in properties are all likely to affect microbial activities and the decomposition of organic matter (Robert & Chenu, 1995; Fenchel, 2002) .
Potential biotic controls on organic C mineralisation include differences in microbial biomass, microbial community structure and in predation pressure (e.g. Fontaine & Barot, 2005) . Bacterial abundance is highly variable at scales below 1 cm (Nunan et al., 2003) and, as has been established at the plot to landscape scales, there is a relationship between microbial biomass and microbial respiration at the scale of aggregates (e.g. Schutter & Dick, 2001) . A number of studies have also shown that microbial community structure varies in a nonrandom way at fine scales (e.g. Franklin & Mills, 2003) . These variations have been related to OM content (Franklin & Mills, 2009) , to aggregate size (Schutter & Dick, 2001) , to location within aggregates (Mummey & Stahl, 2004) and to poresize class (Ruamps et al., 2011) . Much research has indicated that CO 2 fluxes from soil are insensitive to microbial community structure, suggesting that microbial communities are characterised by a certain functional redundancy (Schimel & Gulledge, 1998; Nannipieri et al., 2003) . However, at the scale of the microhabitat, this may not be the case, as the distinct microbial metabolic processes that underlie CO 2 production likely assume greater importance due to far lower levels of species richness in individual microhabitats; and microbial community structure has been related to respiration at the aggregate (Schutter & Dick, 2001 ) and pore scales (Ruamps et al., 2011) .
The effects of many of these factors on soil respiration are confounded however. For example, the differences in respiration rates that have been observed amongst poresize classes (Killham et al., 1993; Ruamps et al., 2011) coincide with differences in microbial community structure (Ruamps et al., 2011) . The covariation that exists between biotic and abiotic properties in soil means that it is neither possible to determine directly which of the biotic and abiotic properties regulate C mineralisation nor to hierarchise their regulatory effects.
The aim of this contribution was to determine the relative importance of bacterial metabolism (biotic) and microbial habitat properties (abiotic) in controlling the mineralisation of soil C. As it is not possible to do this directly, due to the inherent covariation between biotic and abiotic factors referred to above, we chose to remove the potential changes in microbial community structure by sterilising samples of soil and inoculating different locations of the sterile pore network with a range of axenic bacterial cultures. This meant that each sample contained a single bacterial strain in a part of its pore network and that no differences in mineralisation rates could be attributed to differences in community structure. This approach allowed us to design an experiment in which the effects of microbial metabolism and the effects of habitat properties on the mineralisation of organic C could be distinguished. It was hypothesised that the influence of habitat (location in the pore network) properties on C mineralisation would be greater than that of bacterial metabolism and therefore that there would be significant differences in C mineralisation amongst habitats and that the influence of the bacterial strain present would be smaller. The hypothesis was formulated on the basis of studies that suggest that the decomposition of organic C in soil is not related to the composition or diversity of microbial communities (Wertz et al., 2006) and therefore that the intrinsic properties of microbial communities do not influence decomposition rates (Kemmitt et al., 2008) .
Materials and methods

Soil sampling and sterilisation
Soil was collected with a spade from the surface to a depth of 10 cm in plots under wheat at the 'Closeaux' field experiment (INRA research centre in Versailles, France). The soil is classified as an Eutric Cambisol (17.4% clay, 53% silt and 29.6% sand) with a pH of 6.8. Organic C and total N contents were 13.5 and 1.23 mg g À1 soil, respectively. The soil was sieved (< 5 mm) to remove stones and plant residues. Gamma irradiation was used for sterilisation because it does not disrupt the physical structure of soil, nor does it have a dramatic effect on non-biomass organic matter, but it is an effective biocidal treatment (McNamara et al., 2003; Berns et al., 2008) . A recent study that investigated the effects of gamma irradiation on soil organic matter, using NMR, UV and fluorescence spectroscopy, showed that it affected primarily molecular species associated with the microbial biomass (Berns et al., 2008) . Doses of 10 kGy have been shown to eliminate all fungi (Johnson & Osborne, 1964) , and few soil bacteria survive doses of 25 kGy or above (Yardin et al., 2000) . The soil was airdried to a matric potential of À1000 kPa and then sealed in polypropylene bags for sterilisation by gamma irradiation (IONISOS, ZA). The soil was irradiated in a relatively dry state because it has been shown that this minimises the impact of irradiation on the chemical stability of the soil organic matter (McNamara et al., 2003) . The soil (20 kg) was exposed to a 70 kGy dose (with a minimum guaranteed exposure of 45 kGy). After sterilisation, soil was placed at 4°C for 15 days to ensure that free radicals, possibly generated during gamma irradiation, had disappeared before the start of the incubation.
Isolation and identification of bacteria
The bacteria used in the experiment were isolated from an unmanaged grassland in the AgroParisTech Arboretum and from plots under wheat in the 'La Cage' field experiment at the INRA research centre in Versailles. Bacteria were extracted with one-fourth of strength Ringers solution (Oxoid, Hampshire, UK) and then grown on minimal medium supplemented with fructose, alanine and Citric acid as sole carbon sources. Colonies were screened to remove potential pathogens using the Biolog TM system and stored at À80°C in glycerol.
To assign colonies to bacterial taxonomic groups, a 1540 bp fragment of 16S rRNA gene was sequenced. Bacteria were cultured in Nutrient Broth at 37°C under agitation, and total DNA from individual cultures (1.5 mL) was extracted using the DNeasy Blood and Tissue Kit (Qiagen, France) according to the manufacturer's instructions. Eubacterial primers fD1 (5′-AGA GTT TGA TCC TGG CTC AG-3′) and rD1 (5′-AAG GAG GTG ATC CAG CC-3′) were used to amplify the 16S rRNA gene. The PCR conditions were an initial denaturation step (95°C, 3 min) followed by 35 cycles of denaturation (94°C, 1 min), annealing (57°C, 1 min), extension (72°C, 2 min) and a terminal extension step (72°C, 10 min) using 25 lL Taq PCR Master Mix (Qiagen), 0.5 lM each of forward and reverse primers and 13.2 lL of template DNA (dilution 1/10). Prior to sequencing, the PCR products were purified using the Illustra GFX TM PCR DNA and Gel Band Purification Kit (GE Healthcare Europe, France). Purified amplification products were sent for sequencing (Beckman Coulter Genomics, UK) in both forward and reverse strand directions. An initial alignment of 16S rRNA gene sequences was produced with the ClustalW2 algorithm (Thompson et al., 1994) , and manual adjustments were made in SeaView v4.3.0 (Gouy et al., 2010) to control the quality and overlap of sequenced fragments. Sequences were assigned to bacterial taxonomic groups using BLAST programme (Altschul et al., 1990) and RDP classifier (Wang et al., 2007) .
Only nonmotile bacteria (determined microscopically) were used in the experiment to limit their spread to nontargeted regions of the pore network. The seven bacterial types used and the inoculation densities are presented in Table 1 .
Inoculation of sterile soil
The inoculation of the soil samples was carried out so as to place axenic bacterial suspensions in distinct regions of the soil pore network. The pore neck diameter sizes targeted ranged from 3 to 15 lm and from 44 to 100 lm. The different regions of the soil pore network were inoculated with the bacteria, as previously described (Postma et al., 1989; White et al., 1994) . Briefly, samples were equilibrated at À100 kPa or at À6.8 kPa. These matric potentials corresponded to water-filled pores with maximal neck diameters of 3 or 44 lm, respectively. Samples were then inoculated with 2 mL axenic bacterial suspensions to the surface of the samples, bringing the samples to a matric potential of either À19.2 kPa or À3.15 kPa (equivalent to pore neck diameters of 15 or 100 lm, respectively). Therefore, the bacterial suspensions were placed in pores, with neck diameters ranging from 3 to 15 lm and from 44 to 100 lm. The water content required to bring samples to each matric potential was determined from previously established drying and wetting moisture retention curves (data not shown). The bacterial suspensions or the water were added to the samples drop by drop with a sterile pipette. The whole surface of the sample, which was spread out at the bottom of the incubation jars, was inoculated.
Incubation and respiration measurements
The inoculated samples (90 g) were incubated in jars, each fitted with a septum for headspace sampling. All the incubation equipment was sterilised by autoclaving prior to the addition of the soil. The samples were incubated at matric potentials of À3.15 kPa or À19.2 kPa at 20°C in the dark for 115 days. The production of CO 2 was measured regularly during the incubation (days 1, 3, 8, 15, 21 and then approximately every 2 weeks until the end of the incubation) by gas chromatography (Agilent 3000A, Massy, France). The microcosms were flushed under sterile conditions if the headspace CO 2 concentration reached 2% by leaving the jars open under a sterile laminar flow hood for 2 h. The CO 2 concentration was measured again after flushing. Sterile soil controls, prepared by adding water rather than bacterial suspensions, were incubated Table 1 . Bacterial strain number, species name, inoculation density and total counts at the end of incubation. The inoculation volume was 2 mL and 90 g (dry soil equivalent) was inoculated under the same conditions. The moisture content of the samples was verified gravimetrically and corrected by adding filter sterilised water where necessary. All incubations were carried out in triplicate. In total, there were 42 inoculated microcosms (7 bacteria 9 2 matric potentials 9 3 replicates) and 10 controls.
Estimation of bacterial biomass carbon
In a preliminary experiment, the bacterial biomass had been measured using the fumigation-extraction technique. However, the results obtained proved to be unreliable, presumably because of the large amounts (relative to the bacterial biomass present) of soluble material released by the sterilisation remaining in the uninoculated regions of the pore network at the end of the incubation. Therefore, bacterial biomass carbon produced during the incubation was calculated using total colony-forming units (CFU) measured at the end of the incubation and assuming a cellular C content of 90 fg C cell À1 (average C content of stationary phase bacteria; Loferer-Kr€ oßbacher et al., 1998). Total CFU was determined using the pour plate procedure with Plate Count Agar after serial dilutions in sterile water to 10 À7 (American Public Health Association, 1984 ). An extraction efficiency of 50% was assumed (Lindahl & Bakken, 1995) .
RFLP measurements
The dominance of the inoculated bacterial strains was verified by restriction fragment length polymorphism (RFLP) at the end of the experiment. Total DNA was extracted from samples (0.5 g wet weight) with the Fast-DNA Spin kit for Soil (MP Biomedicals Europe, France), according to the manufacturer's instructions. Crude total DNA was purified using the GeneClean turbo kit (MP Biomedicals Europe). The concentration and purity of the resulting DNA were determined spectrophotometrically by calculating the absorbance at 260 nm and the ratio A 260 /A 280 (NanoDrop ND-1000 spectrophotometer). The 16SrRNA gene sequences present in DNA extracted from soil samples were amplified with the universal primers 8F (5′-AGA GTT TGA TCM TGG CTC AG-3′) and 1492R (5′-GGT TAC CTT GTT ACG ACT T-3′). The PCR mixture was composed as follows: 10X Buffer, 5X Enhancer, 50 pmol of each primer, 2 lL of bovine serum albumin (2 mg L À1 ; Fermentas, France), 1 lL of DNTP (10 mM; Fermentas) and 0.75 U of Taq polymerase. The amplification was carried out in a PTC-200 DNA engine cycler (Bio-Rad, CA), as follows: 3 min at 94°C for initial denaturation, 30 cycles of 45 s at 94°C, 1 min at 55°C, 2 min at 72°C and a final extension of 6 min at 72°C. PCR fragments were resolved by electrophoresis in a 1% (w/v) agarose gel in TAE 1X, to confirm the expected size of the products.
Prior to RFLP analysis, the PCR products were purified using the GeneClean turbo kit (MP Biomedicals, CA). RFLP analysis was performed on c. 1.5 lg DNA using the restriction enzymes were FastDigest â HaeIII (BsuRI; Fermentas). Digestion products were analysed by 1% (w/v) agarose gel electrophoresis. Data analysis was performed using the TOTALLAB TL120 image software (Nonlinear Dynamics Software, NE, UK).
CO 2 flux modelling and statistical analyses
It is known that the sterilisation of soil releases labile organic C, primarily of microbial origin, and that there is a flush of mineralisation when microorganisms recolonise the labile material; this flush is the basis for the fumigation-mineralisation method for measuring the soil microbial biomass (Jenkinson, 1976) . To distinguish the CO 2 produced during the mineralisation of the labile material released during sterilisation from the CO 2 produced during the mineralisation of organic carbon unaffected by gamma radiation, a two-compartment first-order model (Eqn 1) was used to describe the carbon mineralisation kinetics:
where t is time in days, C labile is the pool of labile organic C, C slower is the pool of soil organic C unaffected by gamma radiation and a and b are the associated firstorder rate constants. The names of the pools were attributed on the basis of the rates at which the C in each pool was decomposed, the C in the C slower pool being mineralised at a slower rate than the C in the C labile pool, but not at a rate that is generally considered slow in the literature (e.g. Century model; Parton et al., 1987) . The C in the C slower pool was less available for microbial mineralisation either because it was inherently less degradable from a chemical recalcitrance perspective or because it was not as accessible. It was not possible to distinguish between the two in this study. The two-compartment first-order model proved to be the model that described the data most accurately in a comparison of four models that could describe the shape of the respiration curves (see Table 2 ). The Akaike information criterion (Akaike, 1974 ; data not shown) was used to determine the best-fitting model.
The model (Eqn 1) was fitted independently to each replicate respiration curve of each pore-size treatment and each bacterial strain so as to obtain 42 estimated values of the four model parameters. The parameters were estimated using the nonlinear least squares procedure of R version 2.9.0 (R Development Core Team, 2009). Differences in model parameters amongst samples incubated at different matric potentials with different bacteria were tested by two-way (matric potential 9 bacterial species) ANOVA.
Results
Verification of experimental system
To verify that the respiration of the inoculated samples was predominantly due to the activity of the introduced bacterial populations and not due to contamination or to organisms surviving the irradiation, RFLP banding patterns obtained from nine samples (three uninoculated controls, two Celulomonas sp., two Pseudomonadaceae Pseudomonas sp., two Nocardiaceae Rhodococcus erythroplis) at the end of the incubation were compared with those of associated pure cultures. The RFLP profiles of the uninoculated controls were clear, and no differences were observed between the RFLP banding patterns of the pure cultures or those obtained at the end of the incubations, other than those related to differences in DNA extraction efficiency from pure cultures and soil (data not shown). Further comfort in the validity of the method was drawn from the fact that noninoculated samples produced little CO 2 until well after the establishment of the inocula. After 3 weeks incubation, the noninoculated samples had produced an average of 36 lg C-CO 2 g À1 soil (SEM = 4; n = 10). This was similar to the amount of C-CO 2 produced in 3 days in the inoculated samples (32 lg C-CO 2 g À1 soil, SEM = 1; n = 42). Some sterile control samples started to produce CO 2 from day 30, but their microbial activity never reached the level of activity in the inoculated samples. Three inoculated samples displayed respiration curves indicative of contamination (there was an unusual increase in the CO 2 production rate), and moulds appeared on the surface of the soil. These samples were not included in the subsequent analyses.
Bacterial biomass C and mineralisation kinetics
The mineralisation curves of all samples followed the same basic trend: a flush of mineralisation at the beginning of the incubation, followed by a lower, steady mineralisation rate until the end of the incubation (Fig. 1a  and b ). More C was generally mineralised in samples that received bacterial inocula in the larger pores (i.e. the moist samples). This appeared to be primarily due to a greater production of CO 2 at the beginning of the incubation in the moist samples. The mineralisation curves were fitted with a two-compartment first-order model 
One compartment, Power function
where t is time, CO 2 is the cumulative respiration flux, C labile and C slower are the respective sizes of the labile and soil carbon pools, a and b are the respective decomposition rates of the labile and soil carbon pools, v is the maximum rate of decomposition of the carbon labile pool, and c is the linear decomposition rate of the soil C pool, g and h are the parameters of the power function. ( Fig. 1b) , and the effect of bacterial type and bacterial location on model parameters analysed. Underlying the use of first-order models is the assumption that the bacterial populations behave as a constant enzyme pool (i.e. that there is no microbial growth). Although this was not true, it was deemed an acceptable approximation because bacterial growth was low relative to the amount of C respired. The bacterial growth during the incubation, ranged from 0.16 to 9.3 lg C g À1 soil, depending on the species, and bacterial biomass C relative to C-CO 2 ranged from 0.6% to 2.8% (Table 1) . The analysis of variance of the model parameters confirmed that the labile pool of organic C (parameter C labile ) was significantly larger (P < 0.05) when activity was predominantly in the larger pores (Fig. 2a) . The mineralisation rate (parameter a), however, did not show any significant differences between matric potentials. No significant matric potential effect on the size of the C slower pool or the rate of decomposition of this pool (parameter ß) was detected ( Fig. 2c and d) .
The size of the labile C pool also depended on bacterial strain (P < 0.001; Fig. 2a) , as did the mineralisation rate of this pool (P < 0.001; Fig. 2b ). This was not the case, however, for the size or the mineralisation rate of the C slower pool. There were no significant matric potential 9 bacterial strain interactions.
Discussion
It should be stressed at this juncture that the aim of the experiment was not to replicate reality but rather to determine whether pore-scale differences in substrate availability and local conditions affected C mineralisation and to determine whether these differences were greater than those due to bacterial metabolism. Kemmitt et al. (2008) have shown that differences in the size and composition of the microbial biomass did not significantly affect the rate at which organic C was mineralised in soil and concluded that C mineralisation rates were regulated by abiotic properties of soil. On this basis, it was hypothesised that the local, pore-scale conditions would have a greater effect on C mineralisation than would bacterial metabolism. Fungi were not used in this experiment as their ability to explore the soil volume through hyphal spread meant that they would be able to average porescale differences. The study by Kemmitt et al. (2008) has been criticised on the basis that soil microbial communities are functionally redundant with respect to organic C mineralisation and that therefore the lack of relationship between the size and composition of the microbial communities cannot be taken as indicating a lack of biotic control (Kuzyakov et al., 2008) . In this study, we sought circumvent this problem by reducing microbial richness to a single species, meaning that functional redundancy did not affect the observed respiratory activity.
Location of bacteria in pore network
The aim of the methodological approach taken was to place bacteria in different size classes of pores, although it is likely that this goal was not completely achieved. A portion of the bacterial suspension was probably retained in pores larger than the targeted pores due to the adsorption of bacterial cells to the pore surface as the suspension transited through to the target pores. However, as aerobic bacterial activity is mainly located at the air-water interface (Strong et al., 2004) , bacteria that were retained in larger, nontarget pores would not have contributed significantly to the CO 2 production, due to the lack of water. It should also be noted that the relationship between the matric potential and the maximum pore neck diameter of water-filled pores is based on the assumption that soil pores can be approximated by a series of cylinders. Pores surfaces are not smooth however; they are irregular and contain crevices or recesses which can remain humid with capillary menisci when the bulk of the pore volume empties (Carminati et al., 2008) . The presence of small recesses at the surface of larger pores would clearly have affected the location of bacterial activity in this experiment, assuming that these recesses were large enough to accommodate bacterial cells. Therefore, there may have been some overlap in the distribution of activity between the two treatments. However, the bacteria in the recesses of the empty large pores were not in the same environment nor did they have access to the same substrate as bacteria in humid large pores. Although the matric potential is unlikely to have resulted in a strict distribution of bacterial cells into different pore-size classes, it most probably did result in different pore-scale conditions for the bacterial cells.
Size of organic C pools as a function of location in the pore network
The pool of labile C varied significantly with pore-size class, indicating that the C released by gamma radiation sterilisation varied as a function of pore-size class. The most likely source of the labile C was the microbial biomass killed by the sterilisation, although other sources cannot be discounted. The flush of mineralisation may therefore be indicative of the amount of microbial biomass present in the different pore locations prior to sterilisation and suggests that the size of the microbial biomass differed significantly as a function of pore location. Many studies have shown that microbial biomass varies as a function of aggregate size class (e.g. Van Gestel et al., 1996; Kandeler et al., 1999) . These studies suggest that microbial biomass is greater in microaggregates, which would appear to contradict what was found here. However, aggregate size classes are not strictly equivalent to pore-size classes, even though they may be correlated. It is conceivable, therefore, that the larger pores in microaggregates (< 250 lm diameter) are the most favourable environment for microbial communities and that this results in greater biomass values in microaggregates and pores with neck diameters > 15 lm. Strong et al. (2004) , using a correlative approach, suggested that pores with neck diameters between 15 and 60 lm contained more nematodes and more fungal biomass, but less total biomass. Fine pores and crevices provide bacterial cells with protection against protozoan predation (Postma et al., 1989; Heijnen & van Veen, 1991) . Intuitively, therefore, one would expect more biomass in these smaller pores than in larger pores. However, predators may merely increase microbial turnover without actually affecting the average size of the biomass due to more vigorous growth of surviving microorganisms after predation. It should be noted that it is unlikely that all the C of the microorganisms that were killed by gamma radiation was mineralised during the flush of mineralisation. It is known that microorganisms produce certain compounds that are relatively resistant to mineralisation and can persist in soil for several decades (Gleixner et al., 1999; Marschner et al., 2008) . As the composition of microbial communities appears to vary as a function of location in the pore network (Ruamps et al., 2011) , it is possible that the microbial compounds released during sterilisation were not all equally degradable by the inoculated bacteria, thus resulting in different mineralisation flushes without any real difference in microbial biomass. This criticism is also true for the widely used fumigation techniques for estimating the microbial biomass. It may also be possible that nonmicrobial organic C in larger pores was more sensitive to gamma irradiation than in smaller pores, resulting in a larger flush of mineralisation in the larger pores. However, care was taken to minimise the irradiation effects on nonmicrobial C.
The lack of difference in the amount of mineralisable soil organic C (parameter C slower ) as a function of location within the pore network is surprising in light of the extensive literature on the spatial distribution of organic C at the aggregate scale. Many studies have shown that the distribution of organic C is heterogeneous at the aggregate scale (Santruckova et al., 1993; Wan et al., 2007) ; that labile C is preferentially found in macroaggregates and that older C is located in microaggregates (Puget et al., 1995) . There is, however, a fundamental difference between what was measured in those studies and what was measured here. This study investigated the distribution of C that was mineralisable over a period of a few months, whilst the previous studies measured the distribution of total organic C, and the two are not necessarily related. Total C includes C in all states (labile, moderately available and stable) with turnover times ranging from years to centuries or even millennia. The C that was mineralisable in the time scale of this experiment most likely did not belong to the stable fraction of total C. That being said, some papers have shown that mineralisation of organic C is greater in microaggregates than in macroaggregates (Schutter & Dick, 2001; Sey et al., 2008) .
Mineralisation rate constants as a function of location in the pore network
No effect of location in the pore network was observed for either mineralisation rate constant, suggesting that the local environmental conditions and supply of substrate were roughly equivalent in both treatments. It has been reported that respiration rates are larger at higher matric potentials (e.g. Killham et al., 1993; Strong et al., 2004) , which can be ascribed to greater constraints on substrate or exo-enzyme diffusion in the drier samples (Fenchel, 2002; Or et al., 2007) . This suggests that the differences in local conditions in the two matric potential treatments tested here did not result in constraints on substrate supply or microbial activity that was sufficiently different to be detected. It is also possible that the different bacteria were able to maintain the same activity under different conditions. This scenario would be unlikely if the conditions differed significantly as bacteria adapt their activity to their conditions (Kov arov a-Kovar & Egli, 1998).
Organic C pools and rate parameters as a function of bacterial strain
The pool of labile C varied significantly as a function of bacterial strain, suggesting that the different bacterial strains did not all have the same ability to decompose the organic C released during sterilisation. As already indicated previously, the microbial biomass contains a range of compounds that are more or less degradable (Gleixner et al., 1999; Marschner et al., 2008) . The inoculated bacteria may not all have had the same capacity to use the range of compounds, of microbial or other origin, released during the sterilisation, resulting in labile C pools of different sizes. The lack of difference amongst bacterial strains in the size of the C slower pool suggests that the C in this pool was equally available to the different strains. This may be because the C in this pool was composed of compounds that are readily used my most microorganisms (i.e. simple molecular compounds). An alternative explanation might be that there were changes in the catabolic capacity of the different bacteria as the C availability changed. Ihssen & Egli (2005) have shown that many catabolic functions are derepressed in Escherichia coli when the substrate concentrations and energy availability are low, resulting in a broader catabolic range. It may be that, as the substrate released during sterilisation was consumed and the bacteria came to rely on the far less available C slower pool, they adapted to their new environment by broadening their substrate range. If all bacteria adapted in this way, then the catabolic differences amongst bacteria would have been reduced.
The rate constant of the labile C pool varied significantly amongst bacterial strains but that of the C slower pool did not. This can be interpreted as meaning that the metabolic specificities of the various bacterial strains affected the rate of decomposition when substrate was abundant and readily available but that once the readily available C pool was depleted, the metabolism of the bacterial decomposer no longer affected the rate of decomposition. In other words, that differences that might have existed amongst the bacteria did not result in different mineralisation rates. Despite having different catabolic capacities, as evidenced by the different abilities to use the C released by sterilisation and the different mineralisation rates of the labile C pool, all the bacteria mineralised the C slower pool of C at roughly the same rate. It should be noted that the mineralisation rate of the C slower pool was more than an order of magnitude lower (45 times lower on average) than the mineralisation rate of the labile C pool (Fig. 2b and d) , meaning that the bacteria were operating at a rate well below what they were capable of under the given conditions. This all suggests that factors external to the microorganisms regulated the rate of decomposition, lending support to the 'regulatory gate' hypothesis of Kemmitt et al. (2008) . As there were no differences in the environmental conditions during the incubation, the most likely explanation for the dramatic reduction in the mineralisation rate is the rate of substrate supply. This result merits further investigation as, were it confirmed that the substrate supply rate regulates C mineralisation, it might help explain why no consistent relationship between microbial diversity and decomposition has ever been found in soil (Nannipieri et al., 2003; Wertz et al., 2006) .
Conclusions
The data obtained in this study suggest that microbial metabolism does not play an important role in determining the rate of decomposition of soil organic carbon but rather that the substrate availability is key. This might explain why no convincing evidence for a relationship between microbial diversity and decomposition has been found. The data also suggest that the amount of microbial biomass harboured in different parts of the soil pore network varies in a nonrandom manner, which may be taken as indicative of a pore-scale biogeography.
